where we are making use of the definitions of budget shares in (16). Also using the market shares in (17), real can be computed from (11) It is readily checked that each row of W sums to unity. Since W is strictly positive by Assumption 2, from the Frobenius theorem it has a positive eigenvalue that lies in-between the minimum and maximum of its row sums, and the associated row or column eigenvector is strictly positive. Since the row sums are all unity, then the Frobenius eigenvalue also equals one, and R o is the strictly positive row eigenvector corresponding to that eigenvalue. Using this in (12)- (18) we obtain strictly positive solutions for and the reference prices. QED o j
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Appendix B: Real GDP in PWT and this paper
The comparisons for 1996 made in this paper can be extended through time, using several possible methods. First, if we just repeated the calculation that we have made for 1996 in other years, then we would obtain a cross-country dataset of real GDP e and real GDP o in each year.
Since the reference prices used to evaluate either concept of real GDP would be changing each year, such series are called "current price" real GDP. For time-series studies, however, it is desirable to have measures of real GDP that keep prices constant over time, in what is called "constant price" real GDP.
A fundamental principle of PWT has been that constant-price real GDP should be obtained by extrapolating from the benchmark year using each country's national accounts data on the growth rates of components of GDP. 1 Specifically, PWT takes the benchmark year measure of a real component (C, I, G, X or M), and extrapolates it over time using the nationalaccounts real growth rate of that component. The extrapolated components are then summed together to obtain constant-price real GDP each year. Below we show how the growth rate of real GDP in PWT differs both from the growth rates in real GDP e and real GDP o as proposed in this paper. In practice, however, the existing measure of real GDP growth in the PWT is much closer to the growth of real GDP o than to the growth of real GDP e . So even though real GDP for a benchmark year in the PWT should be interpreted as an expenditure-based measure, its growth rate is closer to an output-based measure. That is the main finding of this Appendix.
1 This principle ensures that the growth rates of real GDP computed from PWT will not change very much as the benchmark years is updated, which has been viewed as an essential feature of the database. Note however, that this method leads to a growth rate of constant-price real GDP in PWT that is not identical to the growth rate of real GDP in national accounts, even though the growth rates of the components are the same. The reason for the discrepancy is that the benchmark year components of GDP become "weights" in the calculation: the growth rate of real GDP in PWT is a weighted average of the growth rates of the components, but the weights differ from those in the national accounts, as shown below.
Real GDP in PWT
The starting point for all real GDP measures is the benchmark year calculation, which was 1996 for PWT 6.1 and 2000 for PWT 6.2. In the paper we use 1996 as the benchmark year, so let us continue with that convention for this Appendix. We will contrast the real GDP o and real GDP e , as proposed in the paper, with a commonly used measure of GDP from PWT, the In contrast, in the paper we use the normalization that "world" real GDP e equals "world" real GDP o in 1996, which also equal "world" nominal GDP in US$ at 1996 nominal exchange rates, for the countries in the sample. 4 Note that in PWT, "real" refers to measuring GDP or its components in common, U.S. dollar reference prices across countries. For convenience, in the remainder of this appendix we will use the term "real" to denote either: (i) GDP and its components that have constant 1996 reference prices; or (ii) GDP and its components taken from the national accounts of each country that have constant prices over time. 
while for exports and imports: 
In (B2a) we deflate the nominal national accounts data by the respective PPP for each components of domestic absorption, and then multiply by the growth rates of the real national accounts series, to derive constant-price consumption, investment and government expenditures.
In (B2b) we apply the overall PPP for domestic absorption to the nominal export and imports data, and multiply by the growth rate of the real national accounts series, to obtain real exports and imports. Then the Laspeyres measure of real GDP in PWT in year t is defined as the sum of its components: 
where: 
Using these PPP's, we re-compute the real exports and imports as: 
Then real GDP on the output-side can be defined as: 
where: , If we compare the growth rates of real GDP in PWT and the output-based system, or (B4) and (B8), we notice that the only difference is in the shares used within these expression. That is, the growth rates of real exports and imports in PWT, which are and , equal that for exports and imports in the output-based system, which are benchmark year is maintained in all other years through extrapolating at the same rates (i.e. the national accounts growth rates of real exports and imports) to all other years. Likewise, the growth rates of real consumption, investment and government expenditures in PWT equal that for real consumption, investment and government expenditures in the output-based system. But the weights used to obtain the growth rates in (B5) and (B8) . (B10) Expression (B10) shows that the difference in growth rates between real GDP in PWT and the output-based system is due entirely to differences in the shares used in expressions (B4) and (B8). If these shares are close, then so are the growth rates.
New Definition of Real GDP on the Expenditure-Side
Now turn to our proposed measure of real GDP from the expenditure side (real GDP e ).
As in the PWT measure of real GDP, exports and imports are deflated by the domestic absorption PPP given in (B2), but unlike real GDP from PWT or the output-based measure, extrapolation of the benchmark exports and imports is not done by their respective real growth rates from the national accounts. Instead growth rates of exports and imports are derived by deflating with national prices of domestic absorption rather than prices of exports and imports.
Denoting the national price index for domestic absorption by , and the national price indexes 
where the second equalities in (B11a) and (B11b) are obtained by noting that and , while using (B2b). Then real GDP on the expenditure-side is defined as: If we compute the percentage growth rates of the expenditure-based real GDP, relative to the benchmark year, we obtain an expression similar to the growth of the Laspeyres real GDP in PWT in (B4), except that the growth rates of exports and imports differ: 
As discussed in the main text, the level of real GDP in 1996, as measured by RGDPL in PWT, is equal to the level in the expenditure-approach. Hence the weights appearing in (B13) are not different from the weights in (B4). If we compare the growth rates of real GDP in PWT and the expenditure-based system, which is (B5) and (B13), we notice that there are only differences in the growth rates of real exports and imports. Thus the difference in growth rates between real GDP from PWT and from the expenditure side is given by: . (B14) (B14) shows that the difference between the growth rates of the expenditure-based real GDP and the Laspeyres real GDP in PWT will depend on the relative movements of domestic, export and import prices. If all grow at the same rate, real GDP will be the same in the two approaches. But when the growth rates of these price indexes differ, then the growth rates of the respective real GDP measures will also diverge.
In the Excel-file of the data Appendix, we report the levels and logarithmic growth rates of real GDP e , real GDP o and real GDP pwt computed as described above. In practice, we find that the existing measure of constant-price real GDP growth in the PWT is much closer to the growth of real GDP o than to the growth of real GDPP e . The correlation of growth rates of the Laspeyres real GDP from PWT with growth in real GDP e is 0.647, while it is 0.867 with GDP o . So even though real GDP for a benchmark year in the PWT should be interpreted as an expenditure-based measure, its growth rate is closer to an output-based measure.
other variables using "identification through heteroskedasticity" (Rigobon, 2003) . This technique requires having sub-samples whose second moments differ. Rigobon and Rodrik split their sample along two lines: by former colonial status, following work on the role of institutions (Acemoglu, Johnson and Robinson, 2001) ; and by geography, following the suggestion of Diamond (1997) that it is easier for seed varieties and agricultural technologies to migrate on an east-west rather than a north-south axis. The geography split therefore separates those countries on continents that are aligned along an east-west axis (Eurasian countries) from those on continents aligned along a north-south axis (Africa and the Americas).
We have replicated the results of Rigobon and Rodrik (2005) , who find that nominal openness has a negative and significant impact on real income under both splits of the sample. In Table A1 we show the results are changed by using real openness in 1996 rather than nominal openness. For the colony split, real openness become positive but is insignificant in its impact on real income. For the geography split, real openness has a positive and significant impact on real income in the lower-portion of Table 3 . Furthermore, its positive impact on the rule of law increases by more than four times as compared to Rigobon and Rodrik, and the rule of law has a positive and highly significant impact on real income, so that real openness plays both a positive direct and indirect role. When we use the terms of trade in 1996 rather than real openness, as shown in Table A2 , then we find that the terms of trade has a positive and significant direct impact on real income under either split of the sample. The terms of trade also has a positive impact on the rule of law in the geography split, and therefore a positive direct and indirect impact on income in that case.
5
5 Surprisingly, the rule of law has a negative and significant impact on income under the colonial status split of the sample in Table A2 (whereas it is insignificant in that split using either real openness or nominal openness). Tables A1 and A2:   Table A1 modifies the regressions in Rigobon and Rodrik (2005) by using real openness in 1996 rather than nominal openness, while Table A1 modifies the regressions by using the terms of trade in 1996 rather than nominal openness. Both those 1996 variables are computed as reported in the main text and the data Appendix.
Notes to
Identification through heteroskedasticity is used as the estimation method, which requires splitting the sample along lines where the second moments will differ in the sub-samples. Two splits are used here: by former colonial status, and by geography (as described in the text). Dependent variables are shown down the first column and independent variables along the top row, so each row is a regression. T-statistics are shown in parentheses.
